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Abstract 
Experiments were carried out to explore the pyrolysis of CHF3 fire extinguishing agent in a stainless tubular reactor at atmospheric 
pressure and temperatures from 600 to 850 °C versus various residence times of 2-15 s. The decomposition of CHF3 commence around 
650 °C. As reaction temperature rises and residence time prolongs, the pyrolysis of CHF3 is intensified, which makes the concentration of 
CHF3 plummet, the yields of main products C3F6, i-C4F8 and HF increase and the yield of C2F4 decreases after its peak. The explanations 
of the formation of these products are proposed by the formation, dimerization, trimerization, disproportionation and other reactions of 
CF2:, which meets well with the various yields of HF and other experimental results. 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Asia-Oceania Association for Fire Science 
and Technology. 
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1. Introduction 
Trifluoromethane(CHF3), a kind of clean hydro-fluorocarbon gas extinguishing agent, is a replacement of Halon and 
chlorofluorocarbons due to its ozone depletion potential of zero [1]. It is known for its relative low toxicity, insulation, low 
boiling point, and abilities to extinguish solid surface fire, flammable liquid fire, flammable gas fire and electrical fire. 
Because of the emergency of the Halon substitutions, the studies on the thermal properties and products of this 
extinguishing agent are scarce before its application. On the other hand, because of its long residence time in atmosphere 
and its global warming potential value 11,700 times more than that of carbon dioxide, its usage is limited by Kyoto Protocol 
[2]. It is reported that CHF3, as the main by-product of CHF2Cl, has a continuous increase in the atmosphere with an annual 
speed 5%, which is estimated that the green house effect led by CHF3 will account to that by 284 million tones of CO2 in 
2015 [3, 4]. Consequently, the disposal of CHF3 is a key issue in Kyoto Protocol. By far, it has been mainly through the 
technology of thermal oxidation (ratified by the United Nations Frame work Convention on Climate Change) to treat with 
CHF3 [5]. In this sense, to accurately evaluate its additional effect when applied as a fire extinguishing agent, or to supply 
enough data for thermal decomposition project, the studies on the pyrolysis of CHF3 have to be carried out.  
Politanskii et al. [6] and Edwards et al. [7] found carbine (CF2:) during thermal decomposition of CHF3. Sanmona [8] 
studied the pyrolysis of CHF3 (2%, diluted by nitrogen) in a reactor at residence time of 2 s over 850-950 °C and noticed a 
shift in the major product from C2F4 to C3F6 around 907 °C and the mass balance of carbon decreased rapidly above 950 °C, 
the amount of i-C4F8 is trace. In recent study, Moon [9] investigated the pyrolysis of homogeneous CHF3 in a small Incon 
reactor at residence times of 0.2-1.6 s over the temperature range from 900 to 1000 °C and simulated the results using 
kinetic rate constants of individual reaction steps in the literature by compared with experimental results. Additionally, a 
detailed mechanism of CHF3 decomposition was proposed by Yu [10], which examined the pyrolysis of CHF3 (1.25%, 
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diluted by nitrogen) in a-alumina reactor at residence time of 1.43 s over temperatures from 700 to 900 °C and simulated the 
formation of C2F4 and C3F6. Han [11] proposed the rate of CHF3 decomposition could be expressed as 5.2×1013 [s-1] e-
295[kJ/mol]/RT when CHF3 (10 %, diluted by nitrogen) was pyrolysed in an alumina tube reactor at temperatures 873-1173 K. 
These researches on the pyrolysis of CHF3 have considered the influences of temperature and residence time, however, a 
systematic study with homogeneous CHF3 under relative long residence times which consists of the exact yield of toxic HF 
was relatively scarce. In present study, the pyrolysis of homogeneous CHF3 at atmospheric pressure with different residence 
times and temperatures was carried out. More importantly, the yields of HF on the different conditions were measured. 
Furthermore, detailed explanations of experimental results were provided according to the experimental results. 
2. Experimental 
GC
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Fig. 1. Schematic diagram of CHF3 pyrolysis system.  
Figure 1 is a schematic description of experimental system that consisted of five sections: the feed supplying section, the 
reactor, the quenching and drying section, the collecting and analyzing section, the effluent gas absorbing section. After 
purging the experimental system by nitrogen, CHF3(99 %, supplied by ZheJiang XingTeng Chemical Co.) was delivered by 
mass flow controller( HT-10-10,Seven Star Co.) at12,18,36,90 ml/min (the residence time was 15, 10, 5, 2 s respectively) to 
a stainless tubular reactor at various temperatures (600, 650, 700, 750, 800, 850 °C ). The reactor was heated by a tubular 
electric furnace with a K-type thermocouple and provided constant temperature zone(± 5 °C) of 14cm long with a volume of 
1.75 ml. The products were collected and analysed and effluent gas was absorbed by methanol-containing alkali solution. 
The gas products, after washing and drying, were quantified by an on-line gas chromatography (GC, SP1000, Ruili 
Analytical Instrument CO., Ltd), which was equipped with a flame ionization detection and a Poraplot Q capillary column. 
The column was held at 30 °C for 20 minutes and then raised at 10 °C per minute to 100 °C. The normalized GC areas were 
used to calculate the concentration of gas products. After the concentration of different gas products are stable, the gas 
products were collected by gas collecting bag to identified spices using gas chromatography with mass selective detection 
(GC/MS, Agilent-5975C) equipped with the DB-5MS column(30 m × 0.25 mm × 0.25 m) which raised from 60 °C to 
220 °C at 20 °C per minute. Meanwhile, 300 ml de-ionized water was added to the thoroughly cleaned and prepared 
sampling tube which was used to absorb the cooled gas products to form the HF samples that would be analysed by Ion 
chromatography (ISO-90, Thermo Fisher Scientific Inc.) and during which the exact absorbing time was recorded (about 
30min). Several different NaF solutions were prepared as the standard samples that were measured under the same 
conditions with HF samples to draw calibration curve, with which the concentration of HF samples could be determined. 
Combined with the absorbing time and flow rate of CHF3, the concentration of HF samples could be used to calculate the 
yield of HF by per liter CHF3. 
3. Results and discussion 
3.1. Effects of temperature on the organic gas products of CHF3 pyrolysis 
According to the results of GC and GC/MS, the organic gas products of CHF3 pyrolysis as a function of relative 
temperature at residence time of 2 s and 15 s are presented in Fig. 2. It reveals that CHF3 do not decompose at the 600 °C 
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both at the residence time of 2 s and 15 s. However, as the temperature rises, the CHF3 at 15 s residence time slightly 
decomposes at 650 °C and that at 2 s decomposes at 700 °C, of which the major product is C2F4. It is noticed that the 
decomposing temperature is 50 °C lower than that of Moon [9], which may due to the different reactor material [8, 12] or 
feed concentration. At this time, the pyrolysis of CHF3 is mainly dehydrofluorination and the formation of CF2: that rapidly 
dimerises to C2F4. This reaction is generally agreed in the literature as a initial step of pyrolysis [5, 6, 13, 14]. 
CHF3 CF2:+HF                                                                                          (R1) 
2CF2: C2F4                                                                                              (R2) 
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Fig. 2. Effects of temperature on the organic gas products of CHF3 pyrolysis at (a) residence time 2 s and (b) residence time 15 s. 
With the further increase of temperature, the concentration of CHF3 plummets while the concentration of gas products 
soars. However, it should be noted that the amount of C2F4 plummets after its peak at 20.21 % at 2s residence time and 
15.06 % at 15 s residence time. At the same time, C3F6 substitutes C2F4 as the major gas product. Based on this result, we 
suggest that the C3F6 is formed via the reaction (R3) [5, 6]. 
CF2:+C2F4 C3F6                                                                                         (R3) 
In this process, the concentration of the most toxic i-C4F8 (LC50 = 500 ppb, rats with 6 hour exposure [8]) increases 
sharply as the temperature rises after 750 °C, especially at 15s residence time, in which the concentration of i-C4F8 steep 
rises to 14.92 %.  
Besides the foregoing three main products, the remaining products include substances such as C2F6, C3F8, C2F5H, b-C4F8 
and c-C4F8. As the temperature raises, the total concentration of them increases, of which the concentration of c-C4F8 
decreases after 800 °C. Moreover, some new products like CF3C CCF3, CF2=CHCF3, C(CF3)3 are also generated at higher 
temperature. Apart from the gas products, there are coke and yellow oily substance remaining on the internal surface of the 
tubular reactor and white solid attached to the connecting part of the absorbing cell. The white solid cannot be dissolved in 
hydrochloric acid, alkali solution or ethyl acetate. Considering the polymerization of tetrafluoroethylene in relative high 
temperature and pressure, we suggest that these products are the polymerization of perfluoroalkylene such as C2F4 and C3F6 
[9, 13]. On basis of experimental results, we suppose following reactions [5] take place in the reactor: 
    CF2: C+2F·                                                                                       (R4) 
F·+CF2: CF3·                                                                                     (R5) 
CF3·+CF3· C2F6                                                                                    (R6) 
C2F6+CF2: C3F8                                                                                   (R7) 
CHF3+CF2 C2F5H                                                                                 (R8) 
2C2F4 c-C4F8                                                                                     (R9) 
3.2. Effects of residence time on the organic gas products of CHF3 pyrolysis 
The influences of residence time on the organic gas products of CHF3 pyrolysis at the temperature 750 °C and 850 °C are 
showed in Fig. 3. It reveals that as the residence time prolongs, the decomposition of CHF3 intensifies, the amount of i-C4F8 
and other gas products increases rapidly and that of C2F4 decreases after reaching at its peak. But what deserves our 
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attention is the concentration of C3F6 which gradually rises to 68.65 % before decreasing to 66.33 % at the 850 °C. This 
might demonstrate its participation in the reaction. Furthermore, according to the GC-MS test results, it is found that the gas 
products contain only a small amount of b-C4F8 and no C4F8 and c-C3F6. Sanmona [8] assumed that the 3:CFCF3 can finally 
form i-C4F8 through a series of reactions due to its stable property. The proposed reaction steps are showed as follows: 
3C3F6 31:C(CF3)2 3:C(CF3)2                                                              (R10) 
3:C(CF3)2+3C3F6 3i-C4F8+3:CFCF3                                                           (R11) 
3:CFCF3+C2F4 41:CFCF3                                                                    (R12) 
21:CFCF3 b-C4F8                                                                            (R13) 
1:CFCF3+CF2: C3F6                                                                           (R14) 
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Fig. 3. Effects of residence time on the organic gas products of CHF3 pyrolysis at the temperature of (a) 750 °C and (b) 850 °C. 
3.3. Effects of temperature and residence time on the yield of HF 
The PH indicator paper shows that washing water of the decomposing gas products is acidic and according to previous 
research [6], the existence of HF may be a justifiable explanation of this phenomenon. Because neither GC nor GC/MS can 
detect HF, the yield of which is calculated from the results of ion chromatography and draw as the function of relative 
temperature at residence time 2 s and 5 s which are represented in Fig. 4. 
From Fig. 4, as the temperature rises, especially when it is over 750 °C, the amount of HF generated by per liter CHF3 
increases sharply. When the temperature rises to 850 °C, the yield of HF increases to 110.9 g and 142.8 g by per liter CHF3 
as for the residence time of 2 s and 5 s relatively.  
Meanwhile, the yield of HF increases as the residence time prolongs according to Fig. 4, and the effect of residence time 
on the pyrolysis of CHF3 would be more significant as the temperature rises. Specifically, at 850 °C, when the residence 
time prolongs from 2 s to 5 s, the increase of HF per liter CHF3 accounts for 31.9 g, which is about seven times more than 
the increase at 700 °C. It can be concluded from the results that the yield of HF increases as the temperature rises and 
residence time increases. 
Because no research has reported other reactions participated by HF, we assume HF can only form through the 
dehydrofluorination of CHF3, the increase of HF manifests that the increase of CF2: that plays a crucial role in the whole 
reactions. In this sense, the results can be used to demonstrate the foregoing supposed reaction steps. 
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Fig. 4. Effects of temperature and residence time on the yield of HF (calculated by per liter CHF3). 
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When CHF3 is used as the fire extinguishing agent, the contact temperature may be higher than 850 °C, because the fire 
temperature can easily reach 1000 °C. As the yields of these toxic gases are considerable and increase as the temperature 
rises and residence time prolongs, application of CHF3 as the fire extinguishing agent, especially in a total flooding system, 
is more likely to pose a great threat to the people's safety. 
4. Conclusions 
The pyrolysis of CHF3 in a stainless tubular reactor at atmospheric pressure and temperatures from 600 to 850 °C was 
studied. The results show that the homogeneous gas-phase CHF3 commence to decompose around 650 °C, which is related 
to residence time. As the temperature rises, the pyrolysis of CHF3 is intensified and its concentration drops rapidly. When 
the temperature is below 750 °C, the major product is C2F4 whose concentration increases as the temperature rises; when 
temperature is over 750 °C, however, its concentration decreases while C3F6 substitutes it as the major product. At the same 
time, the concentration of i-C4F8 has a significant increase and the total concentration of other products such as C2F6, C3F8, 
b-C4F8 also shares this tendency. Furthermore, as the residence time prolongs, the concentration of CHF3 and its gas 
products, other than C3F6 whose concentration remains stable and even has the tendency to drop after reaching at its peak at 
850 °C, share similar tendency with that on the condition of temperature rising. Meanwhile, the yield of HF increases as the 
temperature rises or the residence time prolongs. 
The initial step of homogeneous gas phase pyrolysis of CHF3 is dehydrofluorination and the formation of CF2: which 
rapidly dimerises and trimerises to C2F4 and C3F6 respectively. Meanwhile, i-C4F8 is proposed to produced by the addition 
of CF2: to 3:C(CF3)2, a relative stable station, which is caused by the collision of C3F6 isomerization. Additionally, the 
disproportionation of CF2: is suggested because of the formation of other byproducts such as C2F6, C3F8, C2F5H and the 
coke. 
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